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Abstract 
This paper mainly introduces current 3D reconstruction methods for cerebrovascular blood flow, discusses 
emphatically the existing algorithms with angiography, and summarizes the defects of these algorithms and puts 
forward the future research priorities. 
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1. Introduction
Cerebrovascular disease is one of the fatal diseases for human being. The final effect of
cerebrovascular disease is cerebral anoxia, which will cause the damage of neurons (hypoxia for 5-7 
minutes will cause irreversible lesion). 
It is very beneficial to get 3D information of vascular morphology and hemodynamic aspects for 
medical diagnosis, treatment planning, and effect evaluation of cerebrovascular disease. Among which, 
the quantitative analysis of blood flow is of universal significance, because the abnormal blood flow rate 
or unexpected change in velocity will reflect the pathological changes of blood vessels. 
For researching the blood flow problems, people tried the angiography image processing method by 
analysing the intensity changes of X-ray image, which due to the change of concentration of contrast 
medium. 
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This paper introduces some research results of 3D reconstruction of blood flow through angiography 
image processing for cerebrovascular disease, gives the advantages and disadvantages of these methods 
and proposes the future trend of the reconstruction.  
2. Vascular Image Study 
Since X-ray was found in 1895, X-rays have become the most common diagnostic methods. 
Furthermore, by using the character of X-ray, stronger medical equipment has been produced and more 
efficient diagnostic methods such as angiography have been applied. Angiography has played a very 
important role in cerebrovascular treatment. Since 1970s, with the combination of computer technology 
and medical images, people began the research of vascular 3D geometrical form and blood flow 
information, which brought about profound changes in the iconography and clinical medicine. Generally 
speaking, there are two main computer assistant reconstruction methods, as follows: 
2.1. Reconstruction based on interventional catheter 
Catheter method was proposed by Brown[1], in whose method, interventional catheter was used as 
zoom device to determine the absolute vascular size. For a given size catheter, its radius can be 
determined by X-ray image and true radius and "image" can be used to calculate the radius amplification 
factor. But only when the vascular and the catheter are in the same plane, amplification factor is correct, 
and for those vessels which are not in the same plane with catheter, one centimeter deviation with cause 
1.5% increased error rate of radius[2]. 
2.2. Reconstruction based on point 
For the reconstruction based on point, we need at least two X-ray image views of distinct direction or 
different locations of the relevant point. An X-ray point, known as accurate orientation and position, can 
be 3D reconstructed by using extremely constraint. The reconstruction will be in two steps, the first step is 
to determine the 2D centerline, and the second step is to search corresponding point information in these 
two projection image. If all the points corresponded to the centerline are identified, the complete 3D 
centerline can be rebuilt. If the position and direction of 3D fragment of the blood vessels is known, the 
magnification and relative absolute size (radius and length) can be determined as well. This method 
usually used in the bi-planar view. 
3. Hemodynamic Information Extractions  
In order to obtain blood flow information from angiogram, contrast agent is injected in the process of 
producing the x-ray image sequences. The contrast agent will not show in the first part of the image 
sequences, which is used as the background, in order to obtain subtraction after angiogram. Thus, the 
DSA will be used to extract blood flow information. 
Researchers used the "flow map"[3] to show the different status of the information. The intensity of the 
flow map is dependent on iodine concentration, among them, the horizontal dimension is time t, and the 
vertical dimension is the length of blood vessels l. The map represents the diffusion of contrast through 
blood vessels. So the blood flow map will change according to that of blood flow, as shown in Fig. 1. 
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Fig.1. The blood flow map 
In presenting the flow map appropriately, researchers proposed the following different methods: 
3.1. TIC-based Methods 
The main task for the TIC (Time Intensity Curves)-based Methods [4-5] is to estimate the time that 
bolus flow from one spot to another along the blood vessels. So at least two points need to be used to 
record the bolus arrival time, thus the mean velocity can be derived from these two points, shown as the 
following equation:  
)()( 12
12
pApA
pp
v
−
−
=
Where |p2—p1| represents the distance of the centerline between the two points in vessels, A(p) 
represents the bolus arrival time of point p.
The advantages of the methods are that can be realized in a very simple way and can be used in several 
segments of blood vessels; yet the disadvantages are that this method implies the blood flow is stable, so 
it cannot get a correct result from pulse blood flow, moreover, the TIC-based methods uses only 
kinematics information, but ignore other information at the beginning and the end of the contrast agent. 
3.2. DIC-based Methods 
DIC(Distance Intensity Curves)-based Methods[6-7] estimate the bolus transmission between two 
successive image frames. The estimation usually instantaneous volumetric flow rate as measurement, 
which is defined as: 
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Where V represents the Volume of bolus passage for each branch of vessel tree, t represents the time 
period. 
     The main advantages of DIC-based methods are that it can better deal with pulsatile flow and use of 
full kinematic information available a special vessel fragment of the image sequence; Yet the 
disadvantage is the character of DIC so weak that the methods are particularly sensitive to noise. 
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3.3. Optical flow based Methods 
Optical Flow [8] is used to determine the field of computer vision, rigid body motion. For an image 
sequence I (x, y, t), the basic optical flow equation is: 
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Where we assume that the brightness of a particular point of object will not change, 
0=
dt
dI
. So the 
equation can be simplified as: 
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This means that the motion of blood is the cause of the changes of image brightness. So the motion can 
be derived from the two unknown quantities u and v in the equation. After these equations proposed, there 
are many researchers tried to find simple ways to solve them [9]. They did a lot of work to make them 
more suitable for blood flow measurement. 
The advantage of Optical Flow based Methods is that it is now an important method for moving 
pictures analysis, so there are a lot of mature and effective algorithms, and which are mended and 
improved continuously. A problem of Optical Flow based Methods is that it is hard to meet the basic 
condition-does not change the brightness of the object, since brightness maintenance is impossible for X-
ray image of iodine-based contrast agent. 
3.4. FPD-based Methods 
FPD (First Pass Distribution) theory is based on the Fick’s principle: 
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Where Qa (t) and Qv (t) are the arterial and venous blood flow rate, Ca (t) and Cv (t) are the arterial and 
venous concentration of marker substance. This formula shows that the amount M of marker substance of 
a certain organ is equal to the difference between the amount that has been delivered and that has already 
left.
FPD method further based on the assumption: There exists a time interval of TF, in which, the marker 
of substance does not leave the organ or perfusion bed. When T <TF, the arterial concentration to 0, so 
the above formula is simplified as: 
∫ ⋅= T aa dttCtQTM 0 .)()()(
For stable flow, Qa can be solved. 
FPD-based Methods use only the optical density of information. Therefore, the image intensity is 
proportional to the amount of iodine along the X-ray path. This can be achieved by calibration, but it 
limits the clinical application of this method. To solve this problem, Molloi[10] proposed dual-energy X-
ray system to get iodine quantitative information. And later on, they also proposed calibration process to 
get normal X-ray image quantitative information. 
The advantage of FPD-based Methods is that they do not need to make the assumptions about velocity 
distribution through the blood vessels. Yet the disadvantages are not available for the rapid blood flow of 
artery, and only near the injection points the blood flow can be determined. 
3.5. Extracted hemodynamics information from rotational angiography 
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The above methods are from planar angiography sequence. Recently, some new methods for extracting 
hemodynamics information from rotational angiography are proposed [11]. From their methods, there are 
two main steps on blood flow reconstruction: first, using light flow method to estimate 2D flow area from 
continuous frame; second, correcting rotational C arm from by using the rebuilding volume and 
calibration information. 
The advantage of the information extraction from rotational angiography is that the 3D geometrical 
reconstruction and blood flow quantitative research can use the same image sequence; yet the 
disadvantage is the vascular perspective reduction and vascular overlap will result in Artifact, this will 
affect the accuracy of the blood flow analysis. 
Summary 
      In the study of angiographic basis vascular remodelling and flow estimation, there have been many 
methods proposed, but most of them have some weaknesses, such as noise sensitive, influence of 
convection diffuse blood, inaccuracy in pulse blood flow, and hard to reconstruction only with the planar 
angiography sequence. Rotational angiography, as mentioned above, is a new method to solve the 
reconstruction of cerebral blood flow, yet there is little quantitative analysis results published about this 
method. Since the use of rational angiograph in clinical is more and more, maybe it is a trend or better 
way to get more satisfactory results in reconstruction of cerebral blood flow by analysing the image 
sequence in the rational angiography. 
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